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Introduction
Offshore wind farms (Fig 1) contribute significantly to contemporary renewable energy
production. To ensure the safety of the wind turbine structure and reduce the installation cost,
the design of the foundation is crucial. When exposed to waves and currents, the wind turbine
foundation faces the risks of scouring (Fig 2), therefore, an armour layer protection is usually
applied to prevent the scouring hole around the monopile foundation.
Fig 1. Offshore Wind Turbines. Fig 2. Scour around monopile foundation.
Experiments with scale models of monopiles in physical wave flumes are proved to be a powerful
way to estimate the performance of the scour protection layer. Previous research at Ghent
University has resulted in the proposal of scour protection design formulae for both static and
dynamic stability[1][2]. However, strong scale effects may exist in these small scaled model tests
and lead to a conservative prediction. Therefore large scale model testing is necessary to study
the performance of scour protection layer (Fig 3, Fig 4).
Within the European Hydralab+ research project, physical modelling of monopile foundation has
been carried out in the Fast Flow Facility (FFF) infrastructure of HR Wallingford in UK which was
able to support a large model scale of 1:8.33 (Fig 5). The Coastal Engineering Research Group of
Ghent University is coordinating this project, with partners from the University of Porto, the
Ludwig-Franzius-Institute for Hydraulic, Estuarine and Coastal Engineering, IMDC NV, HR
Wallingford and MOW Vlaanderen.
Fig 3. Scour protection layer (before wave action). Fig 4. Scour protection layer (after wave action).
Research objectives
– To establish a basic benchmark dataset on the stability of scour protection around monopile 
foundations which will serve as a basis for future wave flume model tests, for numerical 
validation purposes and for future foundation design.
– To quantify scale effects of intermediate scale and large scale experiments. 
– To test and compare the performance of narrow-graded and wide-graded scour protection in 
order to generate the guidelines for the future foundation design. 
– To study scour protection damage development characteristics.
Fig. 5 Large scale model installation in Fast Flow Facility (FFF) in HRWallingford, UK.
Research methodology and results
To understand the scour protection layer behavior under waves and currents, high resolution
velocity meters are used in measuring flow field characteristics and under water laser scanner is
used to measure the bed deformation. Various regular wave conditions are used to investigate
the threshold of motion of armor materials. The damage of scour protection layer is measured
under irregular wave conditions. The long term scour protection layer damage development
process are investigated by applying 1000, 3000 and 5000 waves. Fig 6 shows the scour
protection layer deformation result.
Fig. 6 High resolution measurement  of scour protection layer deformation
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